system were. Why not put the electron output current of a tetrode through an electron multiplier and so increase the transconductance?
Others did, but such tubes were of passing interest.
I was more ambitious. In a tetrode the thermal velocities of electrons limit transconductance per milliampere. Even with electron multiplication, high transconductance would be coupled to high current. That wasn't what I wanted. Bill Shockley taught me about Liouville's theorem, and I found that there should be no limit to transconductance per unit current in a tube in which a finely focused electron beam is swept past a sharp edge. This led me to work on such deflection tubes.
But I didn't know how to get a well focused beam at low voltage. So I invented what has been called the Pierce gun. Instead of trying to calculate where electrons would go in an electron gun of more or less arbitrary design, I found how to form electrodes that would make the electrons in a wedge-shaped or conical beam think they were traveling between concentric cylinders or spheres. And we already knew how the voltage varied with distance for such electron'flow.
The change I worked was like that between night and day. Before, it was hard to get a good electron beam with a small current. After, one could get well focused beams of tens of milliamperes in klystrons and traveling-wave tubes, and, at higher voltages, currents of tens of amperes.
In klystrons and traveling-wave tubes? What happened to the deflection tube and the electron multiplier? The combination was no good because in negativefeedback amplifiers long electron transit time is as 0163-6804/79/0500-0005$00. I have given an example of a real but unattained goal that led to something realizable with current technology. During World War I1 the Pierce gun was essential in the low-voltage reflex klystrons used in American radar receivers, the 707A (10 cm), the 723A (3 cm), and the 2K29 (7.5 cm). After the war it was essential in the traveling-wave tube, invented by Rudi Kompfner during the war and improved by me in various ways, including adding loss to the circuit and the use of periodic permanent-magnet focusing. The traveling-wave tube is still of use in communication satellites.
But sometimes a "good" idea has to wait a long time before it is really good for anything. IEEE Communications Magazine local office, ESSEX, which had everything, including sex. Conversion between voice and PCM was to be at pole-mounted concentrators. T1 lines would carry signals to and from several interconnected all-electronic switching offices of modest size. My one contribution to PCM switching was to stop some parallel research toward an all-electronic space-division system.
But that was a day before LSI. Bits were stored in ingenious magnetostrictive delay lines, or on drums.
ESSEX was a landmark of research, but the first Bell System electronic switching system, ESS NO. 1, put in service in 1963, was an electronically controlled space-division switching system using electromechanical switches. At about the time of ESSEX (1956), Deming Lewis and I became convinced that data communication via telephone line could economically replace a lot of business mail, and what a wonderfu1,thing to have business files in machine-readable form so that they could be processed by computers! This led to experimental cassettes on which text could be recorded at slow speed and later transmitted over telephone lines at high speed. It led to work by others toward a clumsy, impractical, and allegedly "universal" digital interface with telephone lines. But nothing came of this then. Partly, the digital art was too primitive.
Perhaps we needed LSI. But we needed something else much more.
In those days the only way to digitize a full character set (teletypewriters were upper case only) was a clank. ing piece of junk called the Flexowriter, which cost around $5000. Invaluable as the Flexowriter was, it was no device for a secretary's office, either in cost or performance.
Well, 23 years later we aren't all that much better off. You can buy some sort of recreational computer with keyboard and cathode-ray display for around $600.
But a lousy line printer costs $1200. If you want a satisfactory text editor with a good line printer, something that will enable the secretary to put text satisfactorily into machine-readable form, you'll have to pay around $10.000. That's too steep for most office managers.
Transistors led to the triumph of digits in telephone transmission in 1962. Integrated circuits led to the triumph of digits in switching in 1976. But when will digits triumph in the office? It isn't the cost of logic or memory that is holding us up. Even keyboards have become cheap. It's the cost of display, and even more, the cost of getting good hard copy. Printers may not clank anymore, but they stink-and are offensively expensive.
Usually I've been too optimistic. In 1936 I thought that electron multipliers might provide amplification with a boundless figure of merit. All I accomplished was to invent an electrostatically focused electron multiplier and an electron gun. Amplifiers of boundless figure of merit came after the invention of the transistor-and a good many years after. I wanted something to happen that would show the world that satellite communication could really work, as I was sure that it could. And Echo did work. Who remembers project SCORE, a very limited low orbit communication satellite for recorded voice whose batteries failed after 12 days? Who remembers a successor, Courier, launched three months after Echo, a satellite which didn't last long or do much? Failures don't accomplish anything, and they don't attract attention unless they kill people.
At least Echo was better than Advent, a very elaborate active military satellite program initiated by ARPA in 1960. The sin of Advent was that it couldn't be done with the day's technology. Advent was never built or launched. It cost the country around $170 million and delayed military satellite communication for many years. Advent made it impossible to get the more modest Echo launched by the military, but NASA was more realistic. On August 12, 1960 Echo went into orbit, carried voice across the continent, made the front page of The New York Times, and convinced the management of AT&T that there really was something in satellite communication.
Telstar, which first carried TV and voice across the Atlantic in 1962, surely grew from the success of Echo, but it was the product of the development area of Bell Laboratories and was fabricated by Western Electric. I think that my conservatism, and that of Rudi Kompfner, Chap Cutler, Roy Tillotson, and many other colleagues in the research area of Bell Laboratories showed in the nature and design of Telstar. Telstar was not launched into synchronous orbit like Syncom, built by Harold Rosen and his colleagues at Hughes and launched by NASA about a year after Telstar. Telstar was a much more conservative and therefore a less forward-looking satellite than Syncom.
But Telstar worked on first launch, somewhat to the surprise of skeptics in the group of notables here and abroad who gathered courageously at the time of launch to witness a demonstration of Telstar's capabilities during its first circle around the globe.
Although I wrote of active synchronous satellites in my first paper on satellite communication, which was published in 1955, I didn't know whether the first commercial satellites would be attitude-controlled and in synchronous orbit. Others at Bell Laboratories thought a system with low-altitude nonsynchronous satellites could be put into service earlier than a synchronous satellite system, and Ken McKay so testified to a Congressional committee in 1962. We were not experts in aerospace matters, and we somewhat underestimated the resources of the space art. Some have seen the Bell System, and me, I suppose, as conservative and obstructionist in not opting for synchronous satellites from the very first, as ARPA did in initiating the Advent program.
Well Satellite communication is something that has gone faster and much farther than I expected it would. So, as a prophet, I'm either too optimistic or too conservative. I expected digital transmission, switching, and officeware to go much faster than they have. I expected that communication satellites would go slower than they did. Those are my credentials as a prophet as I look toward the future.
In the long run, satellites cannot compete with fibers for carrying digital traffic between large cities in the United States or between the U.S. and Europe.
Certainly, communication satellites will continue to play a large part in communication. They're our only way ~ of providing economical communication to very distant locations with little traffic. They're the only way to provide some indispensible sorts of mobile communication.
At the moment, communication satellites seem to me to be off on a wrong technical track. For one thing, traveling-wave tubes must go. Solid-state devices are the wave of the future, at microwaves as well as at baseband-cheaper, longer life, efficient enough-and, perhaps lower power?
What of that? If we escape from ironmongery to electronics and use electronically steerable arrays
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instead of super-accurate dishes, we can go to higher and higher frequencies without the penalities of tighter attitude control or more and more accurate dishes and feeds. And we can get more and more effective radiated power simply by bolting together more and more simple standard array elements, each with its solid-state integrated-circuit microwave transmitter, receiver, and phase shifters. I owe these ideas to Doug Reudink of Bell Laboratories.
We will have full duplex to homes and offices eventually, at 64 kbits/s and ultimately, via fibers, at many Mbits/s.
What about small and mobile terminals, ground or air? Why not use self-steering phased arrays for them? This harks back to the STAR arrays of Cutler, Kompfner, and Tillotson. But today we have microprocessors and microwave integrated circuits that could provide an approach better in detail if not in spirit.
I'm sold on the future of satellites, but not for everything everywhere. They don't have the potentiality of bringing broad-band switched digital channels to every office and eventually to every home, as light-wave communication via optical fibers does. I don't think that in the long run satellites can compete with fibers for carrying digital traffic between large cities in the United States, or for carrying digital traffic between the United States and Europe. I expect fibers to go far, very far indeed, but not as fast as satellites. Satellites go up in a hurry. It takes longer to install a more capable and ultimately more economical communication path by hying, or hanging, or sinking a cable made up of tens, hundreds, or thousands of fibers, each able to carry a digital stream at rates approaching a gigabit a second.
Long before fibers become universal, or even very common, all new telecommunication, whether transmission, switching, voice, or video, will have gone digital. We'll have bit streams into and out of offices at a rate far qreater than necessary for data alone. All the of the familiar voice-grade subscriber loop. New buildings could easily be wired up 4-wire, with two thin pairs rather than one thick pair constituting a subscriber loop. And 64 kbits full duplex Carl be sent over existing subscriber loops.
Be sure of one thing. We will have full duplex to homes and offices eventually, at 64 kbits/s and ultimately, via fibers, at many Megabits/second.
Cheap terminals are a greater problem. Simple digital terminals now cost far more than 10 times the (internal Bell) price of a telephone set, and good terminals cost over 100 times as much. It will be no simple matter to bring the cost of useful digital terminals down. But a great deal would follow a reduction of cost to that of an electric typewriter or a TV set. I'm sure that the obstacle of terminals can be overcome somehow.
Alas, technical obstacles aren't the only obstacles on the way to the future. A few years ago the FCC tried to hack communication up into a part that didn't involve data processing, and which could be offered by the Bell System, and into parts that did involve data processing and hence must be supplied by others. Technology has undermined any such division. It now seems clear that in a world of all-digital communication there will be some sort of data processing at every node.
But how, then, to control the Bell System, and Bell Laboratories? The Antitrust Division of the Department of Justice proposes a handy remedy. Separate the operating telephone companies of the Bell System, whose revenues support research at Bell Laboratories, from Western Electric and Bell Laboratories. Separate the toll transmission or long lines function of AT&T from Western Electric and Bell Laboratories. Cut everything to pieces, none large enough to support a longrange program of research and development.
One will then have a number of interconnecting telephone companies, a completely separate longdistance network (at the very digital time in which toll and local switching and transmission are becoming -communication world will be streams of bits, and no one can know whether these represent voice, video, mail, or computer traffic without tracing them to their destination.
Even there it may be difficult because office and home terminals will mix voice and data and pictures, or digital instructions for drawing pictures, in communicating, or in using the same lines for talking, transacting digital business, and playing computerized games with other people or with distant computers. In the future a communication network will be many links with many nodes, and there will be digital processing of some sort at every node.
There are technological barriers that have not been overcome. One is to get 64 kbit full duplex bit streams (the standard set by the T1 carrier) into any office at a cost comparable to, or perhaps no greater than, that J. R. Pierce in 1965 discussing satellite communications.
I'd hate to see Bell Laboratories destroyed and the
Bell System, of which it is an integral part, .
dismantled.
inextricably mingled), and one more independent manufacturing company. As to Bell Laboratories? Well, under such a reorganization, or disorganization, it would necessarily vanish in anything but name.
As a long-time Bell Laboratories employee (1936-1971) the prospect saddens me. Not entirely because it is silly, which it is. But also because it would mean that in the future no one could have the opportunities I had. Although Bell Laboratories is a smaller part of electronics than it once was, it is unique. Its close tie to telephony led me to work on electron multipliers as a means for improving coaxial cable systems-and so to the invention of the Pierce gun. Where else would I have felt such an impetus? Where could others have had the endurance and resources actually to realize PCM transmission and time-division PCM switching? Where else would an employee find himself in an organization that would, at its own expense, build and launch a satellite such as Telstar-because that employee was free to get his immediate colleagues and friends and bosses to pursue that crazy Echo satellite?
Bell Laboratories has been a good place for a lot of my friends. Seven people I have known became Nobel
Laureates while working at Bell Laboratories. I'd hate to see Bell Laboratories destroyed and the Bell System, of which it is an integral part, dismantled. I am sure that this would be bad for communications and bad for the United States.
In the role of prophet, I must consider the possibility that the Bell System may be dismantled and Bell Laboratories destroyed. Such dismantling and destruction could have a powerful and adverse effect on communication in these United States. Such destruction and dismantling would follow if the Department of Justice got its way in the present antitrust suit. Such dismantling and destruction would follow from some proposed legislation.
Will this happen? As the reader can see, I've been sometimes too optimistic, sometimes too pessimistic. I can't tell. I just don't know.
